Endometrial carcinoma (EC) is the most common gynecologic tumor in perimenopausal and postmenopausal women. Particularly at younger ages, it is within the spectrum of extracolonic malignancies associated with the hereditary nonpolyposis colorectal cancer syndrome (HNPCC; 1). Despite the current earlier detection and treatment improvement, it is still a leading cause of mortality. Significant progress is being made in elucidating the underlying molecular changes, but the clinical significance of these observations is largely not clear.
Defects in human mismatch repair (MMR) genes (hMLH1, hMSH2, hPMS1, hPMS2, hMSH3, and hMSH6) have been identified as the basis of microsatellite instability (MSI) in tumors from patients affected by HNPCC. In the majority of those tumors, germ-line mutations have been observed, predominantly in hMLH1 (on chromosome 3p21.3) and hMSH2 (on chromosome 2p21), with similar frequency (2-7). However, in sporadic tumors with MSI phenotype, somatic mutations in these genes occur only in a small proportion (1, 4, 6, 8 -21) .
The mutational spectrum appears to be diverse. Most of them ultimately result in the absence or synthesis of a truncated nonfunctioning protein, which is unable to maintain the replication fidelity, leading to an accumulation of errors in short repeat sequences (4, 5, 9 -13, 22) . Preservation of one wildtype allele is sufficient for mismatch repair activity. Therefore, inactivation of both alleles is required for tumorigenesis (6, 8) . The recent availability of antibodies against the proteins involved in mismatch repair has made it possible to identify defects in the MMR system rapidly by immunohistochemistry (23).
Generally, good correlation has been reported between mutations in these genes and MSI phenotype, on one hand, and absence of protein expression on the other hand. However, some exceptions have been observed (4, 8 -14, 18 -21, 23-29) .
In sporadic EC, the reported prevalence of MSI ranges from 9 to 34% (24, 25, 29 -38) , and only a small proportion of those tumors show mutations in MMR genes (26, 34, 36, 39, 40) . More recently, abnormal methylation, predominantly of the hMLH1 promoter region associated with transcriptional loss, has been described as an alternative mode of gene inactivation in sporadic EC (15, 25, 39, 41, 42) and in other neoplasms (7, 13, 14, 43) .
The Bax gene, which contains microsatellite sequences in its coding region, is a target of mutations in tumors with mutator phenotype (5, 18, 44 -47) , including EC (25, 42, 48 -50) . It functions as a tumor suppressor gene because it normally promotes apoptosis (51) . The cellular distribution of Bax has been studied in a number of normal and neoplastic tissues with contradictory results (6, 46, (52) (53) (54) (55) (56) (57) .
The aim of the present immunohistochemical study was to examine the expression of the MMR genes hMLH1 and hMSH2, as well as Bax as a possible target gene in a series of EC. In addition, the relationship between immunoscores, clinicopathologic features, and prognosis was analyzed.
Our results suggest that hMLH1 and Bax play a role in a small subset of EC. Furthermore, absence of hMLH1 expression is associated with favorable outcome.
PATIENTS AND METHODS

Patients and Tumor Samples
Samples Histologic classification of the tumors was performed according to the WHO criteria for endometrial cancers (58, 59) . Endometrioid carcinomas having at least 10% of another cell type were classified as mixed. In addition, mixed tumors with Ͼ50% of PSC component were included in the category of pure PSC. Histologic grade and stage were assigned according to the FIGO criteria (60) . Follow-up was available in 82 (92%) patients (median, 2500 days).
Immunohistochemistry
Immunoperoxidase staining in formalin-fixed paraffin-embedded sections for hMLH1, hMSH2, and Bax was performed by labeled avidin-biotin complex (ABC) peroxidase-AEC (3 amino-9 ethylcarbazol) system. Two-to four-micrometer-thick sections were mounted on poly-L-lysine-coated slides (Sigma Chemical Co, St. Louis, MO), deparaffinized and rehydrated through graded alcohols to water. In Table 1 , the antibodies (Ab), clones, sources, pretreatments, working dilutions, incubation time, and localization of the immunostaining are given. hMLH1 Ab recognizes the full-length recombinant human MLH1 protein (83 kD); hMSH2 Ab (clone FE 11) reacts against the carboxyterminal region of the human MSH2 protein; and Bax Ab is a synthetic peptide corresponding to a sequence in the amino-terminal (residues 150 to 165) of the human Bax protein.
After microwave pretreatment, endogenous peroxidase activity was blocked by incubation with 10% H 2 O 2 . The Vectastain Elite Kit (Vector Laboratories, Burlingame, CA) was used as described by the manufacturer. The different primary Ab were applied and incubated. In negative controls, the first Ab was omitted. After a brief rinsing in Tris buffer containing 0.05% of Brij 35-Solution (Merck, Darmstadt, Germany), sections were immersed in 3-amino-9-ethyl-carbazole substrate (Sigma, Steinheim, Germany) for 15 minutes, then, lightly counterstained with hematoxylin and mounted with Glycergel (Merck).
According to the number of positive tumor cells, the staining was semiquantitatively scored as follows: 0% (0), Ͻ10% (1), 10 to 50% (2), 51 to 80% (3), and Ͼ80% (4). Intensity of the staining was also evaluated as weak (1ϩ), moderate (2ϩ), and strong (3ϩ). For each tumor case, the values of the two parameters were multiplied, resulting in scores ranging from 0 to 12 (Remmele score [RS]; 61). Tissue sections contained different proportions of immunostained nontumor cells, such a residual normal endometrium, endometrial stroma, myometrium, endothelial cells, or lymphocytes, which served as an internal positive control. Specimens in which tumor cells, as well as normal control cells, were completely negative for Ab immunostaining were excluded from the analysis.
For the purposes of the study, stainings of tumor nuclei for hMLH1 and hMSH2 were evaluated as absent (no protein) or present (any evidence). Among tumors with preserved gene product, we distinguished two groups: (1) low expression (Ͻ50% of positive cells or RS ϭ 1 to 6), and (2) high expression (Ͼ50% or RS ϭ 8 to 12). Regarding Bax results, absence and occasional light staining (Ͻ10% and 1ϩ, or RS ϭ 0 to 1) were considered to indicate loss of gene function; low expression if 10 to 50% or RS ϭ 2 to 6; and high expression when Ͼ50% or RS ϭ 8 to 12.
Statistical Analysis
Associations between the expression of the different proteins and several clinicopathologic features were calculated using the 2 test. Survival curves were calculated by the Kaplan-Meier method, and log-rank tests were performed. For multivariate analysis, the Cox proportional hazards model was applied. For all calculations, SPSS-10 statistical software (SPSS Inc., Chicago, IL) was used. P values of Ͻ.05 were considered statistically significant.
RESULTS
Endometrioid carcinomas accounted for 62% (55/89) of the tumors, followed by carcinomas of mixed type (22%; 20/89: mucinous, n ϭ 9; squamous, n ϭ 9; serous, n ϭ 2), PSC (13%; 11/89), and MMMT (3%; 3/89). Tumors were also classified into two groups: endometrioid type (pure endometrioid, mixed mucinous or squamous, and the MMMT due to the presence of endometrioid characteristics; 85%; 75/89) and special variants (PSC or mixed serous carcinomas; 15%, 13/89).
Grade 1 was seen in 39%, Grade 2 in 33%, and Grade 3 in 28%. Most of the patients were in low FIGO stage (69% in I, and 17% in II), and only 12% were in III, and 2% were in IV. Patients' age was Ͼ50 years in 93% (mean, 66 years).
Generally, positive immunostaining was seen for all three proteins in different proportions in the endometrium adjacent to the tumors. Regarding carcinomas, we saw loss of expression in 12.4% (11/89) tumors for hMLH1, 1.1% for hMSH2 (1/89), and 12.4% (11/89) for Bax (see Fig. 1 for examples) . The majority of tumors showed high expression (Ͼ50% positive cells) of hMSH2 (86.5%) and Bax (70%), and there was high expression in almost half (48%) for hMLH1. We observed occasionally weak cytoplasmic staining for hMSH2.
Because of the heterogeneous expression of these proteins within the tumors, the RS was also applied. High scores (8 to 12) were given in 68% of tumors for hMSH2, followed by Bax (28%) and hMLH1 (19%). There was a good correlation between the two scoring methods (all P Ͻ .0001).
Histological subtype, tumor grade, and FIGO stage correlated with each other (all P Ͻ .001). The distribution of hMLH1 and hMSH2 proteins regarding age of the patients was similar (P ϭ ns). Loss of hMLH1 expression (see Table 2 ) was associated with mucinous differentiation (5/11; 45%; P ϭ .03). All tumors with high expression (Ͼ50% or RS ϭ 8 to 12) of hMLH1 showed also high expression of hMSH2, and in one case, both proteins were negative (P ϭ .01).
Bax immunostaining was not correlated with histologic type, tumor grade, stage, or age (all P ϭ ns). Among 11 tumors with loss of Bax expression (12.5%), 4 had also loss of hMLH1 (4/11; 36.4%; P ϭ .017), and 1 had loss of hMSH2 (1/11; 9%; P ϭ .037; see Fig. 2 ).
Five patients developed a second malignant tumor (three breast carcinomas, one urinary bladder papillary carcinoma, and one retroperitoneal leiomyosarcoma) within a period of 2 to 5 years. Regarding the primary endometrial tumors, none had loss of hMLH1, hMSH2 or Bax expression. Low levels of hMLH1 (Ͻ50%), and high levels (Ͼ80%) of hMSH2 and Bax were seen in two Grade 3 tumors (MMMT and endometrioid), whose patients developed breast carcinoma. One patient with endometrioid carcinoma Grade 1 and high expression for all three proteins developed a retroperitoneal leiomyosarcoma. The tumors of the remaining two patients (with breast carcinoma and papillary carcinoma of the urinary bladder), expressed high levels of hMLH1 and hMSH2 but low levels of Bax.
The Kaplan-Meier survival analysis established strong associations between prognosis and FIGO stage (P Ͻ .0001), tumor grade (P Ͻ .0001), and histologic type (P ϭ .0036). Regarding hMLH1 im-munostaining results, we observed that patients with immunonegative tumors had higher survival rates compared with those with positive expression (P ϭ .027; Fig. 3) . A trend toward better outcome was also seen for tumors containing low levels of hMSH2 protein (P ϭ .08). Using the Cox proportional-hazards model, FIGO stage (P Ͻ .0001), tumor grade (P ϭ .001), histologic type (P ϭ .001), and hMLH1 expression (P ϭ .02) were revealed as independent prognostic factors. Age, hMSH2, and Bax expression did not provide significant prognostic information.
DISCUSSION
Several studies have suggested that defective MMR genes play a role in the pathogenesis of EC (1,  8, 15, 24, 25, 31, 39, 40) . The inability to maintain the DNA replication fidelity leads to an accumulation of errors and MSI. More recently, the availability of monoclonal Ab against MMR proteins has made it possible to screen for gene expression in large series of tumors (6, 8 -15, 18, 19, 23, 24) .
Based on our immunohistochemical analysis of 89 EC, it appears that in a small proportion of tumors, dysfunction of hMLH1 and Bax genes occurs. We confirmed the value of the classical prognostic factors, such as tumor grade, stage, and histologic type. Loss of expression was seen more frequently for hMLH1 than for hMSH2 (12.4% vs. 1%; 15, 25, 29, 39) . The preferential involvement of hMLH1 may indicate that this gene is more susceptible to somatic alterations (12) .
Previous immunohistochemical analyses have shown that loss of protein expression is highly suggestive of mutations in MMR genes and that they are responsible for the MSI phenotype in some tumors (6, 9 -12, 18, 23, 24) . However, this correlation is not perfect because a significant proportion of MSI-positive tumors do not contain any mutation (24 -26, 30 -39) . In those cases, the inability to detect mutations is likely because of technical and tumor biological factors. In addition, other inactivating mechanisms in MMR genes, or mutations in genes yet unknown may be also responsible for the lack of correlation (4, 17, 32) . The high incidence of hMLH1 promoter hypermethylation found in cell lines and sporadic EC, which is strongly correlated with MSI phenotype (15, 25, 39, (41) (42) and loss of protein expression, supports that this is a frequent and important mechanism by which the hMLH1 gene can be inactivated (7) . This mechanism likely also inactivates other important growth regulatory genes (13-15, 25, 38, 41) . Interestingly, hypermethylation of hMLH1 appears to be a phenomenon that is limited to colon and endometrium, which are most frequently affected in HNPCC (7, 13, 15) .
Because the preservation of one wild-type allele is sufficient for the synthesis of the functional protein (23), loss of expression in immunohistochemical analysis may be due to biallelic inactivation secondary to mutation (2, 8, 16, 17) and/or abnormal methylation of the promoter region (41) . On the other hand, protein detection does not necessarily imply normal gene function (10, (12) (13) (14) (15) . In fact, minor genetic alterations associated with normal levels of the protein that is inactive, without disrupting immunoreactivity, cannot be detected (7, 23, 26, 42) .
Overall, MSI has been observed in about one fourth of sporadic EC, but with some variability (24 -26, 29 -39) . For example, lower prevalence (9%) has been found in larger series (35) , and higher rates (34%) in tumors of younger patients (29) . In our study, the majority of the patients were postmenopausal, with an average age of 66 years. This may explain the small proportion of tumors with loss of hMLH1 expression.
Interestingly, absence of hMLH1 protein was commonly seen in endometrioid tumors with mucinous differentiation, and those patients had longer survival. Other series of EC have found that tumors with MSI phenotype are frequently poorly differentiated (34, 35) and that they show mucinous differentiation and necrosis (29) . Regarding clinical outcome, conflicting results have been reported (29, 31, 33, 35) that contrast with the relatively favorable prognosis in HNPCC-associated or sporadic colorectal carcinomas (6, 22) .
Biallelic inactivation of hMSH2 is usually due to a combination of germline and somatic mutations of the gene (13) and leads to complete absence of functional protein (23) . Loss of hMSH2 expression was rare in the present study, indicating integrity of the gene in the majority of the cases. In agreement, only few hMSH2 mutations (24, 26, 31, 40) , abnormal promoter methylation (15, 39) or absence of the protein (29) , not necessarily associated with MSI phenotype, have been reported in the past. Loss of hMSH2 expression appears to be an indicator of HNPCC (1, 29) .
Highly proliferative normal cells express hMSH2 protein (23, 27) . Therefore, the levels in tumors might reflect their proliferative activity (28) . In a series of sporadic colon carcinomas, Maeda et al. (28) reported longer survival for patients with hMSH2-negative tumors. However, in transitional cell carcinoma of the urinary bladder, reduced expression (Ͻ20%) was seen in Grade 3 tumors, and it was associated with recurrence (20) .
None of our patients who developed a second malignant tumor had loss of hMSH2 and/or hMLH1 protein expression in the primary tumors. Burks et al. (32) reported two patients with MSI-negative endometrial carcinomas, who had metachronous colorectal carcinoma. Their and our observations fail to support the idea that patients with EC showing MMR defect or MSI phenotype have an increased risk for developing second cancers.
Finally, MMR defects resulting in MSI phenotype are frequently associated with mutation of functionally important genes, such as Bax (18, 38, 45, 46, 48) . Generally, the incidence of both MSI and Bax mutations is lower in EC than in gastrointestinal carcinomas (5, 42) . Frameshift mutations are found in 11.5 to 55% of MSI-positive EC (25, 42, 48, 50) leading to a stop codon and loss of Bax protein (45, 49) .
In our series, Bax protein was observed in normal endometrial glands, stromal cells, and myometrium. Absence of staining was found in a small number of tumors (12.4%). Interestingly, in about one third of these cases, loss of hMLH1 was also revealed, and in one case, loss of hMSH2 expression, supporting that Bax is a target gene in tumors with MMR gene defects. In the present study, Bax immunostaining did not correlate with any clinicopathological factor (49, 52) and did not provide prognostic information, which differs from observations in other tumor types (53) (54) (55) (56) .
In conclusion, the current study adds evidence to the notion that hMLH1 and Bax are involved in a subset of EC. Absence of hMLH1 protein appears to be associated with less aggressive clinical behavior and longer survival. However, a significant proportion of the molecular alterations in EC still remains to be identified.
